Introduction {#S0001}
============

Breast cancer is one of the leading causes of death in females around the world, and despite great advances in basic research, breast cancer is a major health concern and represents a top biomedical research priority.[@CIT0001] The incidence of this aggressive disease remains alarmingly high with approximately 1.700.000 new cases each year, these rates suggest that advances in prevention have been limited.[@CIT0001],[@CIT0002] A complex biological process of breast cancer that involves not only the interaction of numerous genes and the activation of multiple tumor-associated pathways but also the activation of complex molecular mechanisms. A variety of factors, for example, heredity, estrogen levels, growth factors and environmental factors, which are carcinogenic contributors to breast cancer.[@CIT0003],[@CIT0004] The accumulation of genomic and epigenetic changes is also associated with the development and progression of breast cancer.[@CIT0004],[@CIT0005] At present, the specific pathogenesis of breast cancer remains to be elucidated. With intensive study in the field of genomics, the effects of altered epigenetics on tumorigenesis has gradually attracted the attention of researchers.

NUDT21 is an RNA binding protein complex. Cleavage factor I mammalian (CFIm) is composed of a large subunit CFIm68 designated as CPSF6 and a small subunit CFIm25 designated as NUDT21 (CPSF5).[@CIT0006] Previous studies have shown that the production of a eukaryotic protein-coding messenger RNA (mRNA) requires the recognition of a specific poly(A) site sequence at the end of the gene. The deletion of CFIm25 or CFIm68 promotes the use of a proximal poly(A) site, thereby affecting the function of the 3ʹ untranslated region (3ʹUTR) of many mRNAs.[@CIT0007],[@CIT0008] In addition, Elkon et al suggested that when located in the last or 3ʹ-most exons, alternative poly(A) sites could lead to the production of mRNAs with variable 3ʹ-untranslated regions, resulting in protein products that vary at the C-terminus.[@CIT0009] This suggests that CFIm generally promotes the recognition of distal poly(A) sites. Related studies have shown that the misregulation of CFIm is associated with the tumorigenicity of glioblastoma and some neuropsychiatric diseases by altering the length of the 3ʹUTR of mRNA.[@CIT0010],[@CIT0011] Therefore, we decided to explore the role of NUDT21 in breast cancer by regulating its expressions.

In the current study, we first determined the protein expression of NUDT21 in different breast cancer cells. Then, we explored NUDT21 role in breast cancer cell proliferation, migration, and invasion as well as its necessity for targeting genes. Finally, our findings may offer novel therapeutic targets for the treatment of breast cancer patients.

Materials and Methods {#S0002}
=====================

Cell Lines and Culture {#S0002-S2001}
----------------------

All human breast cancer cell lines (MDA-MB-231, MCF-7, BT549, SKBR3, and T47D) and human breast epithelial cell line (MCF-10A) were purchased from the American Type Culture Collection (ATCC, Manassas, VA). MDA-MB-231 and MDA-MB-468 cells were cultured in Leibovitz's medium with 10% fetal bovine serum (FBS, Gibco) streptomycin (50 mg/mL). MCF-7, BT549, T47D and SKBR3 cells were cultured in RPMI-1640 medium with 10% fetal bovine serum (FBS, Gibco) streptomycin (50 mg/mL). MCF-10A cells were cultured in Ham F-12 medium with 5% fetal bovine serum (FBS, Gibco), 5 µg/mL insulin and 1 µg/mL hydrocortisone.

Patients and Breast Cancer Specimens {#S0002-S2002}
------------------------------------

In this study, human tissue specimens were collected from the First Affiliated Hospital of Anhui Medical University (Hefei, People's Republic of China). We selected 100 breast cancer samples and 100 benign breast disease samples were enrolled in this work. All breast cancer patients were female and treated with surgery. The use of the group was approved by the Biomedical Ethics Committee of Anhui Medical University with informed consent was signed by all relevant patients (institutional review board-approved protocol number: 20200091).

Immunohistochemistry {#S0002-S2003}
--------------------

Immunohistochemistry (IHC) was used to analyze NUDT21 protein expression in paraffin sections of tissues from breast cancer patients. Formalin-fixed and paraffin-embedded tissue samples were obtained from 100 breast cancer samples and 100 benign breast disease samples. Tissue samples were cut into sections approximately 4 μm thick, dewaxed using xylene and dehydrated in a fractionated series. The antigen was then buffered with 0.01M citrate for 3 minutes to boil. Peroxidase was blocked with hydrogen peroxide, and the slides were incubated with normal goat serum. Light microscopy (Olympus) scores were recorded by two pathologists who were blinded to the clinical and histopathological features of each slide, and both pathologists had similar accuracy. The patients were divided into two groups according to the extent of NUDT21-specific nuclear immunostaining: one group was negative, and one group was positive. The expression levels of NUDT21 in patient tissues were evaluated using the 0, 1, and 2 scoring system; sections with 0% stained cells were designated as no expression of NUDT21 (score of 0); sections with 1--50% stained cells were designated as low expression of NUDT21 (score of 1); sections with 51--100% stained cells were designated as high expression of NUDT21 (score of 2).[@CIT0012] In the Kaplan--Meier analysis, patients with scores of 0 and 1 of NUDT21 expression were designated negative for NUDT21, and patients with scores of 2 were designated positive for NUDT21.

Western Blotting {#S0002-S2004}
----------------

Transfected cells were lysed with lysis buffer, centrifuged and extracted, and proteins were fractionated by 10% SDS-PAGE and transferred onto a PVDF membrane (Merck Millipore, Darmstadt, Germany). Then, blocking for 40 minutes at room temperature in 5% skim milk, the membrane was incubated with a primary anti-NUDT21 (Proteintech) for 2 hours at room temperature, then washed three times with phosphate buffer saline with Tween-20 (PBST) and incubated with the matched secondary antibody for 1 hour. After washing three times with PBST again, immunoreactive protein signals were detected using the Pierce ECL Substrate (Advansta) and ChemiDoc Mp System (BioRad). Densitometric analysis of the bands was performed using ImageJ software (National Institute of Health, USA). The antibodies used for immunoblotting are listed as follows: antibodies against NUDT21 (Proteintech), CPSF6 (Proteintech), β-actin (BD Bioscience), E-cadherin (Proteintech), Occludin (Proteintech), ZEB-1 (Santa CRUZ) or Vimentin (BD Bioscience) were used.

RNA Isolation and RT-qPCR {#S0002-S2005}
-------------------------

Total cellular RNA was extracted with TRIzol reagent (Life Technologies) according to the manufacturer's instructions, and reverse transcription was performed using the RevertAid^TM^ First Strand cDNA Synthesis Kit (Life Technologies). Then, qRT-PCR was performed to detect the expression of NUDT21 and GAPDH. The primer sequences are listed in [Table 1](#T0001){ref-type="table"}.Table 1The Primer Sequences of *NUDT21* and *GAPDH*GeneForward SequenceReverse Sequence*NUDT21*5ʹ-ACAAGTACATCCAGCAG\
ACGAAGC-3ʹ5ʹ-AGCCGGTGCTCATGTA\
CAATCAG-3ʹ*GAPDH*5′-AGCAAGAGCACAAGA\
GGAAG −3′5′-GGTTGAGCACAGG\
GTACTTT −3′

MTT Assays {#S0002-S2006}
----------

Cell viability was measured using the methyl thiazolyl tetrazolium (MTT) assay (Sigma). The cells were harvested, counted (1x10^3^ cells per well) and inoculated into 96-well plates with 6 parallel subwells per condition. For 5 days, 100 μL of MTT solution (0.5 mg/mL) was added to each well. After 1--2 hours of incubation, the medium was removed, and the cells were washed with PBS (Phosphate buffer solution).[@CIT0013] Incubation was carried out by adding 100 μL of DMSO for 20 minutes. Absorbance was detected at 570 nm using a microplate reader (BioTek, Vermont, USA).

Colony Formation Assays {#S0002-S2007}
-----------------------

Cells were harvested, counted and plated in 6-well plates at approximately 1000 cells per well, and three parallel subwells were established. The medium was changed for three days. After two weeks of observation, cell colonies were formed. They were first washed three times with PBS solution, then fixed with ethanol for 30 minutes, and finally stained with crystal violet solution for 5 minutes. Colonies were counted, and the data were combined to calculate the average ± standard deviation.

Migration and Invasion Assays {#S0002-S2008}
-----------------------------

First, cells were trypsinized, resuspended in FBS-free medium and counted. Second, for determine the migration, add 1x10^5^ cells to the upper chamber without Matrigel, for determine the invasion, 1x10^5^ cells were added to the Matrigel-coated upper chamber and the lower chamber was filled with a medium containing 10% serum, after 24--48 hours of incubation, the cells were washed with PBS and fixed with alcohol (90%) and then stained with 0.1% crystal violet solution for 5 minutes.[@CIT0013] Finally, noninvasive cells were removed from the inner surface with a cotton swab. Images were taken using an Olympus IX-70 microscope.

Plasmid Construction {#S0002-S2009}
--------------------

In our experiment, we used the expression vector pSin-flag (Invitrogen) to construct NUDT21-overexpressing plasmids. The NUDT21 coding sequence transcript was cloned into pSin-flag and designated as NUDT21-pSin-flag, sh-NUDT21, si-CPSF6; these were synthesized by Genepharma (Shanghai, China). All plasmids were transfected using Lipofectamine 3000 (Qiagen). The specific siRNA sequences used are listed in [Table 2](#T0002){ref-type="table"}.Table 2Sequence of the Oligonucleotides Used for ExperimentsGeneSense StrandAntisense StrandControl5ʹ-ACAAGTACATCCAGCAGACGAAGC-3ʹ5ʹ-AGCCGGTGCTCATGTACAATCAG-3ʹ*NUDT21*5′-ATATACGCGTATGTCTGTGGTACCGCCCAATCG −3ʹ5′-ATATACTTCAGTTGTAAATAAAATTGAACC-3′*sh-NUDT21*5ʹ-CCGGCAGTGTAGAATAAATGTGGTACTCGAGTACCACATTTATTCTACACTGTTTTTG-3ʹ5ʹ-AATTCAAAAACAGTGTAGAATAAATGTGGTACTCGAGTACCACATTTATTCTACACTG-3ʹNegative control5′-UUCUCCGAACGUGUCACGUTT-3′5′-ACGUGACACGUUCGGAGAATT-3′*si-CPSF6*5ʹ-GGUGUUGGAUCUGAAGCAUTT-3ʹ5ʹ-AUGCUUCAGAUCCAACACCTT-3ʹ

Immunoprecipitation (IP) {#S0002-S2010}
------------------------

For IP assays, MCF-7 cells were lysed in IP lysis buffer. For endogenous proteins, 0.1 μg of anti-NUDT21 (Proteintech) antibody and anti-IgG antibody (Sigma) were bound to 20 μL mixed protein A/G beads and incubated with 0.6 mL of cell lysate for 6 h at 4 °C. The beads were washed three times with IP buffer.[@CIT0014] The level of IP-enriched NUDT21 was measured by Western blotting.

Statistical Analyses {#S0002-S2011}
--------------------

The chi-squared test was used to analyze the NUDT21 expression of the clinicopathological parameters. The statistical differences of the experimental data were evaluated by one-way analysis of variance (ANOVA) using the GraphPad Prism 7 software package. Overall survival(OS) and relapse-free survival (RFS) rate in patients were analyzed through Kaplan--Meier curves, and the significance of the differences was analyzed using the Log rank test. P\<0.05 indicated statistically significant differences.

Results {#S0003}
=======

Expression of NUDT21 in Breast Cancer Cell Lines and Tissue Samples {#S0003-S2001}
-------------------------------------------------------------------

Firstly, to explore the differential expression of NUDT21 in breast cancer cells for migration and invasion, we performed Western blot analysis of the breast common epithelioid cell lines MCF-10A, MDA-MB-468, BT-549, MCF-7, MDA-MB-231, SKBR3 and T47D ([Figure 1A](#F0001){ref-type="fig"}). Next, we detected the expression in human breast tissue specimens to further verify the cell lines data. We performed RT-qPCR analysis of NUDT21 expression in tissues from 40 breast cancer patients and 40 patients with benign breast disease. We found that the levels of NUDT21 expression in breast cancer were significantly lower than the levels in benign disease ([Figure 1B](#F0001){ref-type="fig"}). Consistently, lower expression of NUDT21 was observed in breast cancer tissues compared with benign breast tissues, as revealed by IHC assay ([Figure 1C](#F0001){ref-type="fig"}). NUDT21 protein expression was observed in 74 (74%) of the 100 benign breast disease tissues that was significantly higher than breast cancer specimens ([Table 3](#T0003){ref-type="table"}). In addition, we also analyzed the clinicopathological features of breast cancer patients. We found that lower expression of NUDT21 was positively associated with tumor size, tumor stage and lymph node metastasis in breast cancer patients ([Table 4](#T0004){ref-type="table"}). Furthermore, from data in the Cancer Genome Atlas (TCGA), NUDT21 was also expressed at lower levels in breast cancer tissues than in benign breast tissues ([Figure 1D](#F0001){ref-type="fig"}). Moreover, patients with higher expression of NUDT21 mostly had longer overall survival (OS) and relapse-free survival (RFS) than patients with lower expression this protein ([Figure 1E](#F0001){ref-type="fig"}).Table 3Expression of *NUDT21* in Breast Cancer Tissues and Benign Breast Tissues \[n(%)\]GroupnExpression of *NUDT21P* valuePositiveNegativeBenign Breast Tissues1007426\< 0.001Breast Cancer Tissues1004258 Table 4Association of *NUDT21* Expression with Clinicopathological Parameters from Breast Cancer PatientsExpression of *NUDT21*ParameternPositive *n*(%)PvalueAge0.133 \<555919 (32.2%) ≥554123 (56.1%)Tumor Size (mm)**0.026** \<254811 (22.9%) ≥255231 (59.6%)Grade0.464 I3411 (32.4%) II4619 (41.3%) III2012 (60.0%)Tumor Stage**0.036** I399 (23.1%) II--IV6133 (54.1%)Lymph Node Metastasis**0.016** No5313 (24.5%) Yes4729 (61.7%)ER Status0.335 Negative4214 (33.3%) Positive5828 (48.3%)PR Status0.133 Negative5919 (32.2%) Positive4123 (56.1%)HER2 Status0.330 Low4716 (34.0%) High5326 (49.1%)Subtypes0.539 Basal-like3317 (51.5%) Luminal3914 (35.9%) HER2+2816 (57.1%)[^2] Figure 1Expression of NUDT21 in tissues from breast cancer patients and the association between NUDT21 expression and patient survival rates. (**A**) Western blot analysis of NUDT21 expression in different breast cancer cell lines (\*P\<0.05). (**B**) RT-qPCR analysis showed the markedly reduced mRNA expression level of NUDT21 in breast cancer patients (N=40, \*P\<0.05). (**C**) Protein levels of NUDT21 in benign breast disease tissues and breast cancer tissues were examined by using immunohistochemistry. The magnifications of the photographs are 200×. (**D**) Kaplan--Meier curves of patients stratified according to NUDT21 expression levels in breast cancer (TCGA, N=1215, \*P\<0.05). (**E**) Kaplan--Meier curves of relapse-free survival (RFS) and overall survival (OS) in breast cancer patients stratified according to NUDT21 expression levels. Log rank test p-values are shown.

Effects of NUDT21 on Breast Cancer Cell Proliferation, Migration, and Invasion {#S0003-S2002}
------------------------------------------------------------------------------

To investigate the functional role of NUDT21 in breast cancer cell lines, we first performed cell assays to observe its ability to regulate tumor cell viability in MCF-7, T47D, MDA-MB-231, and BT-549 cells. We found that knockdown of NUDT21 expression in MCF-7 and T47D cells significantly increased cell viability ([Figure 2A](#F0002){ref-type="fig"} and [C](#F0002){ref-type="fig"}). In contrast, ectopic NUDT21 expression decreased cell proliferation in MDA-MB-231 and BT-549 cells ([Figure 2B](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). We next examined the role of NUDT21 in the capacity of migration and invasion of breast cancer cells. We found that knocking down NUDT21 expression increased the migration and invasion potential of breast cancer cells ([Figure 2E](#F0002){ref-type="fig"}), and this was reversed by ectopic NUDT21 expression ([Figure 2F](#F0002){ref-type="fig"}). These results indicated the NUDT21 is involved in breast cancer growth and progression in vitro.Figure 2Loss of NUDT21 expression increases cell proliferation, migration and invasion of breast cancer cells. (**A, B**) Cell viabilities were determined by MTT assay over a period of 5 days, and the assay was performed with 1×103 cells per well (\*\*\*P\<0.001). (**C, D**) Colony formation assay was performed with an original cell number of 1×103 and tested after 10--15 days (\*P\<0.05; \*\*P\<0.01; \*\*\*P\<0.001). (**E, F**) Cell migration and invasion were determined using a transwell chamber. The pictures were taken at 100× magnification and showed significant differences (\*\*P\<0.01; \*\*\*P\<0.001).**Abbreviations:** MTT, methyl thiazolyl tetrazolium; OD, optical density; sh-control, short hairpin (RNA)-control; sh-NUDT21, short hairpin (RNA)-NUDT21.

Effects of NUDT21 on Breast Cancer Cell EMT {#S0003-S2003}
-------------------------------------------

Metastasis is responsible for most cancer-related deaths, and yet the cellular and molecular mechanisms underlying tumor cell spread remain obscure.[@CIT0015] EMT involves the exchange of epithelial features (eg, nonmotility) with mesenchymal traits (eg, motility).[@CIT0016] To explore the role of NUDT21 in EMT of breast cancer, we selected epithelial markers (E-cadherin and Occludin) and mesenchymal markers (ZEB-1 and Vimentin) by using Western blotting confirmed that in NUDT21-overexpressing BT-549 cells, we found that E-cadherin and Occludin expression were upregulated, but Vimentin and ZEB-1 expression were downregulated ([Figure 3A](#F0003){ref-type="fig"}). In contrast, in the NUDT21 knockdown MCF-7 cells, we found that E-cadherin and Occludin expression were decreased. However, Vimentin and ZEB-1 expression were increased ([Figure 3B](#F0003){ref-type="fig"}).Figure 3Expression of NUDT21 inhibits breast cancer cell epithelial transition (EMT) in vitro. (**A**, **B**) Western blotting of epithelial marker E-cadherin and mesenchymal marker Vimentin in breast cancer cell lines with knockdown and overexpression of NUDT21. The overexpression of NUDT21 suppressed EMT in breast cancers (**A**) (\*\*P\<0.01; \*\*\*P\<0.001), and the knockdown of NUDT21 promoted EMT in breast cancers (**B**) (\*\*\*P\<0.001).**Abbreviations:** E-ca, E-cadherin; VIM, vimentin; sh-control, short hairpin (RNA)-control; sh-NUDT21, short hairpin (RNA)-NUDT21.

Mass Spectrometry Revealed the Interaction Between NUDT21 and CPSF6 {#S0003-S2004}
-------------------------------------------------------------------

We performed Western blot analysis was carried out in non-transformed cell line (MCF-10A) and breast cancer cell lines (MDA-MB-468, BT-549, MCF-7, MDA-MB-231, SKBR3, and T47D) to explore the differential expression of CPSF6. The results indicated that CPSF6 was highly expressed in MCF-7 cells while its expression was low in T47D cells ([Figure 4A](#F0004){ref-type="fig"}). To identify potential mechanisms for how NUDT21 influenced breast cancer cell growth and progression, we employed mass spectrometry ([Figure 4B](#F0004){ref-type="fig"}). After that, we focused on CPSF6, a newly identified tumor suppressor as the top candidate for potential interaction with NUDT21 ([Table 5](#T0005){ref-type="table"}). The IP assay confirmed that NUDT21 directly interacted with CPSF6 and that interfering with NUDT21 negatively regulated CPSF6 expression in MCF-7 cells ([Figure 4C](#F0004){ref-type="fig"}). Then, we chose T47D cells and MCF-7 cells to perform Western blotting. The results showed that forced expression of NUDT21 noticeably decreased the protein expression of CPSF6. In contrast, knockdown of NUDT21 protein expression in T47D cells reversed this phenomenon ([Figure 4D](#F0004){ref-type="fig"}). Afterward, cell function experiments were performed in MCF-7 cells from the depletion by si-CPSF6 (designated as si-CPSF6)/si-NC. The protein levels of CPSF6 decreased significantly after transfection with si-CPSF6 rather than the levels after transfection with the control ([Figure 4E](#F0004){ref-type="fig"}). Notably, cell proliferation, migration, and invasion all decreased with the decreased expression of CPSF6 ([Figure 4F](#F0004){ref-type="fig"} and [G](#F0004){ref-type="fig"}).Table 5The Result of Mass SpectrometryHitsProtein MassNo.of PeptideSequence HeaderRelative AbundanceProbabilityScoreNo.of Unique Peptide159,344.554CPSF653.40%99.00%663270,263.053HSP729.60%99.00%393369,617.953DDX515.20%99.00%453477,749.342HNRPM3.60%97.50%242580,906.332DDX1712.30%99.00%2826227,645.051MYH9P355790.0151610.95386719774,379.881LMNAP025450.0100210.94439917870,854.071PABPC1P119400.0115350.94299919933,059.231SLC25A5P051410.0226930.88676213 Figure 4CPSF6 promotes cell growth, migration and invasion in breast cancer cells. (**A)** Western blot analysis of CPSF6 expression in different breast cancer cell lines (\*P\<0.05). B-C. Silver staining (**B**) detected related proteins, and red markers showed differential bands, which were verified using Western blotting (**C**). (**D**) Expression of CPSF6 is negatively correlated with NUDT21 through Western blotting (\*P\<0.05). **(E**--**G**) Efficacy of the siRNA targeting CPSF6 was assessed by Western blotting (**E**) (\*\*P\<0.01). MTT assays of cells, transfected with control, si-CPSF6 (**F**) (\*\*\*P\<0.001). Migration assay and invasion assay (**G**) (\*\*\*P\<0.001).**Abbreviations:** INPUT, total protein; MTT, methyl thiazolyl tetrazolium; OD, ﻿optical ﻿density; sh-control, short hairpin (RNA)-control; sh-NUDT21, short hairpin (RNA)-NUDT21; NC, ﻿negative ﻿control; siRNA, small interfering RNA; si-CPSF6, small interfering (RNA)-CPSF6.

NUDT21 Functioned as a Tumor Suppressor in Breast Cancer via Down-Regulating CPSF6 {#S0003-S2005}
----------------------------------------------------------------------------------

Cell function experiments were performed in MCF-7 cells with NUDT21 knockdown and CPSF6 depletion by si-CPSF6 (designated as si-CPSF6)/si-NC. The ﻿transwell assay showed that MCF-7 cell migration and invasion rates increased in CPSF6 knockdown cells compared with those in the control cells ([Figure 5](#F0005){ref-type="fig"}). This is suggested that NUDT21 can inhibit the migration and invasion of breast cancer cells by regulating the expression of CPSF6.Figure 5Effect of NUDT21 on cell migration and invasion is closely related to CPSF6 expression. sh-control or sh-NUDT21 alone or combined with si-CPSF6 was transfected into MCF-7 cells for 72 h, and transwell assays were performed subsequently (\*\*\*P\<0.001).**Abbreviations:** sh-control, short hairpin (RNA)-control; sh-NUDT21, short hairpin (RNA)-NUDT21; si-control, small interfering (RNA)-control; si-CPSF6, small interfering (RNA)-CPSF6.

Discussion {#S0004}
==========

The properties of NUDT21 in diverse human malignancies have been increasingly recognized and documented.[@CIT0008],[@CIT0009] Over the past two decades, the prognosis of breast cancer patients has been improved due to lifestyle modifications, prophylactic mastectomy, and advanced treatment.[@CIT0017] However, the efficacy in using traditional chemotherapy drugs is not satisfactory, and some patients with advanced breast cancer have developed resistance to existing chemotherapy drugs.[@CIT0010] The causal relationship between the expression of NUDT21 in cancer cell proliferation has been confirmed in glioblastoma, hepatocellular carcinoma and bladder cancer.[@CIT0013],[@CIT0018],[@CIT0019] Thus, we examined the functional role of NUDT21 in human breast cancer.

In this study, we report the expression of NUDT21 in breast cancer tissues and its relationship with clinical outcomes of breast cancer patients. After overexpression and knockdown of the expression of NUDT21 in breast cancer cells, we found that the fate of cancer cells was significantly influenced. In vivo, the NUDT21 was lower expressed in breast cancer tissues than in benign breast tissues. The expression level was associated with an increase in tumor size, clinical stage, and metastasis to lymph nodes. Meanwhile, the high expression of NUDT21 in tumors was associated with better OS and RFS outcomes than those with lower expression of NUDT21. Taken together, our results suggest that NUDT21 might play an important role in breast cancer. Although the expression of NUDT21 and CPSF6 was not significantly associated with survival outcomes of breast cancer patients in TCGA cohort, the discrepancy results might be due to the sampling or ethnicity difference. Nevertheless, we have noticed that the decreased expression of NUDT21 was associated with unfavorable prognoses in multiple cancers, which was further concordant with the oncogenic role of NUDT21 in different types of cancers.[@CIT0013],[@CIT0019],[@CIT0020]

EMT is an important cellular mechanism during tumor invasion that is closely related to tumor invasion and migration.[@CIT0021] The EMT process is accompanied by the decreased expression of epithelial markers such as cytokeratin or increased expression of Vimentin and N-cadherin, while the most studied change in EMT is the loss of E-cadherin.[@CIT0022],[@CIT0023] However, previous studies have not determined whether the expression of NUDT21 could influence the activity of EMT pathway in breast cancer cells. In this study, the knockdown of NUDT21 was observed to inhibit the activity of EMT by down-regulating the epithelial markers E-cadherin and Occludin, while up-regulating the mesenchymal-associated marker Vimentin and ZEB-1. Western blotting showed that knockdown of NUDT21 enhanced the activity of EMT pathway and that overexpression of NUDT21 suppressed EMT activity in breast cancer cells. To our knowledge, this is first report suggesting that NUDT21 regulates the fate of breast cancer cells *via* EMT pathway.

Hence, we explored the role of NUDT21 in breast cancer cell lines, MCF-7, T47D, MDA-MB-231, and BT-549, which have different invasive and metastatic potentials in vitro. The differential expression of NUDT21 in these cell lines suggests that NUDT21 may play a role in the regulation of breast cancer cell proliferation, migration and invasion. We performed Western blot analysis of the breast common epithelioid cell lines. Interestingly, we found the high expression of NUDT21 in T47D and MCF-7 cells, which are both ER and PR positive cell lines. While MDA-MB-231 and BT549 cells with low expression of NUDT21 are triple-negative breast cancer cell lines. This result indicates that breast cancer is a complex biological mechanism regulated by multiple genes and factors, and brought some new clues for further exploration of the expressing and regulating mechanism of NUDT21.

To further explore how NUDT21 exerts its inhibitory function in breast cancer, we found by mass spectrometry that NUDT21 interacts with CPSF6 to form a complex that mediates breast cancer. Existing research has indicated that CPSF6 is implicated in various human ailments, for example, myeloproliferative neoplasms, breast cancer, and acute myeloid leukemia are closely related to the expression of CPSF6.[@CIT0014],[@CIT0025]--[@CIT0029] The current study showed that CPSF6 promoted breast cancer cell growth and metastasis.[@CIT0014] The MCF-7 cells were capable of migration and invasion weaker than T47D cells and the T47D cells have a longer migration and invasion time. We selected MCF-7 cells for further experiments rather than T47D cells which have poor capacity of invasion to better demonstrate the role of NUDT21 in breast cancer cells and improve effectively the experimental efficiency. Our current study also revealed that NUDT21 can inhibit the expression of CPSF6. However, we have not fully characterized the potential mechanisms of how NUDT21 and CPSF6 interact each other. Further functional and mechanistic studies are warranted to prove our findings.

Conclusion {#S0005}
==========

To our knowledge, this is the first report indicating that NUDT21 regulates breast cancer cell fate through the EMT pathway. Our findings suggest a role of NUDT21 in the molecular etiology of breast cancer and provide a possible target for therapeutic strategies.
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